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Three bean genotypes were selected in order to be evaluated, being IAPAR-81 (IAP), Uirapuru (UI) and
BAF 55 (BAF). The samples were: raw (R), cooked without soaking (CWS), cooked with soaking water
(CWSW) and cooked without soaking water (COSW). For the antioxidant activity, total phenolics, tannin
and phytate analysis, the broths were separated from the grains and the soaking water separated from
the COSW sample was analyzed. The CWSW and COSW grain samples showed higher antioxidant
potential in the three genotypes (IAP: 0.037 and 0.039; UI: 0.035 and 0.040; BAF: 0.040 and 0.047,
respectively). There were losses of total phenolics, tannin and phytate in all samples of the cooked beans
demonstrating the importance of consumption and use of the cooked broths. The CWS was the prepa-
ration that preserved the majority of the nutrients in the grains, except for the antioxidant activity. In the
broth, BAF 55 showed higher levels of tannin and phenolic compounds in all preparations. The analysis of
the raw bean is important to know the nutritional value of the food, but the common bean is consumed
cooked which modiﬁes its characteristics as well as the availability of the nutrients to be absorbed.
 2011 Elsevier Ltd. Open access under the Elsevier OA license.1. Introduction
The consumption of the common bean is one of the most
widespread practices around the world, accounting for almost half
of the consumed legume grains, especially in the less developed
countries (Broughton, Hernández & Blair, 2003). Moreover it is an
important source of protein in the human meal that has starches,
vitamins, minerals and ﬁbers (Broughton, Hernández & Blair, 2003)
besides to be cholesterol free and it has a marginal content of
sodium and fat (Shahidi, 1997, Chapter 1).
However, certain compounds which are present in common
beans were considered undesirable for obstructing the bioavail-
ability of minerals (Reddy, Sathe, & Salunkhe, 1982) and theyValdés), cileide@cca.ufsc.br
lluti), velutra@yahoo.com.br
lsevier OA license.compromise the protein digestibility, harming the nutritional value
of this food (Sgarbieri & Whitaker, 1982). But it has been found that
the highest consumption of beans is inversely associated with some
types of cancers, such as prostate, breast and colon cancers (Mather,
2002), beyond being associated with reduced risk of diabetes and
obesity (Geil & Anderson, 1994) due to the presence of elements
which are able to retard the glycemic response, slowing the release
of glucose into the blood (Shahidi, 1997, Chapter 1).
The anticarcinogenic and antioxidant effect has been attributed
to the presence of the same previously unwanted elements, such as
the phenolic (Cardador-Martínez, Loarca-Piña, & Oomah, 2002) and
phytate (Thomson & Zhang, 1991) acids. The phenolic compounds
may be responsible for chelating metals as well as inhibiting the
free radicals capitation by limiting the action of the lipoxygenase
enzyme. Among these are the tannins, phenol acids and ﬂavonoids
(Martinez, Ibáñez, & Rincón, 2002).
The phytate has a great ability to bind with protein and metal
ions forming insoluble complexes (Torre, Rodriguez, & Saura-
Calixto, 1991). It can alter the solubility and function of these
elements, harming their digestion and absorption. On the other
Nomenclature
IAP IAPAR-81
UI Uirapuru
BAF BAF 55
DPPH radical 2,2-diphenyl-1-picrylhydrazyl
R raw sample
CWS sample cooked without soaking
CWSW sample cooked with soaking water
COSW sample cooked without soaking water
SW soaking water
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with iron, reducing the formation of free radicals and peroxidation
of membranes, which could provide anticarcinogenic power
(Thomson & Zhang, 1991). Therefore, there is an increased interest
in the manipulation of phytate in grains worldwide, either to
increase or decrease their concentration in foods (Coelho, Bellato,
Garcia, Vitorello, & Azevedo, 2008; Coelho, Benedito, Figueira,
Vitorello, & Azevedo, 2007; Coelho, Tsai, & Vitorello, 2005).
In the scientiﬁc literature, there are several studies that evaluate
the composition of dry beans, with emphasis on the antioxidant
activity, to the content of phenolic compounds and phytate
(Beninger & Hosﬁeld, 2003; Cardador-Martínez et al., 2002; Coelho,
Benedito, et al., 2007; Espinosa-Alonso, Lygin, Widholm, Valverde,
& Paredes-Lopez, 2006; Heimler, Vignolini, Dini, & Romani, 2005;
Korus, Gumul, & Czechowska, 2007; Machado, Ferruzzi, & Nielsen,
2008; Mejía et al., 2003; Oomah, Cardador-Martínez, & Loarca-Piña,
2005; Ranilla, Genovese, & Lajolo, 2007). Although, there is a need
of an assessment of foods which are ready for consumption in order
to identify the presence of these elements in the food after its
preparation. Moreover, there is little data on the bean broth
composition and the soaking water.
Therefore, the aim of this research was to evaluate the effect of
preparation methods on the antioxidant activity, on the total
phenolic, tannin and phytate contents in three common bean
genotypes.
2. Materials and methods
2.1. Chemicals
2,2-diphenyl-1-picrylhydrazyl (DPPH), FolindCiocalteu reagent,
gallic acid (GAE), (þ)-catechin (CAE) and Resin Dowex 1x8 e 400
mesh anionic were obtained from Sigma Chemical CO. Methanol,
sodium carbonate (Na2CO3), vanillin, hydrochloric acid (HCl) and
sodium chloride (NaCl) were obtained from Aldrich.
2.2. Samples
Three genotypes of common beans (Phaseolus vulgaris L.) were
selected being IAPAR-81 (IAP) (BAF 121) andUirapuru (UI) (BAF 112)
those that are widely consumed in Brazil country, and BAF 55 (BAF)
is a genotype of the Active Seed Bank, considered a landrace geno-
type. Samples were provided by the Centro de Ciências Agro-
veterinárias of the Santa Catarina State University (CAV-UDESC),
Lages, Santa Catarina state, Brazil country. The beans of the geno-
types were obtained from the 2008/2009 harvest and after they
were dried at 12 g/100 g moisture and packed and supplier of the
polyethylene bags and stored at 10 C. The diversity of seed coat
color in commonbeans in the South of Brazil was showed in another
manuscript (Pereira, Coelho, Bogo, Guidolin, & Miquelluti, 2009).2.3. Sample preparation
The samples were prepared with 3 replications and in four
different ways: raw (R), cooked without soaking (CWS), cooked
with soaking water (CWSW) and cooked without soaking water
(COSW) (Fig. 1). The raw sample (R) was dried in a ventilated oven
at 60 C for 48 h, after it was crushed to obtain a homogeneous
powder, packaged in sterile bags and stored in the dark until the
time of analysis; the CWS sample was cooked without soaking in
1.5L of distilled water, the cooking was done in a home pressure
pan, for 30 min after the constant output of stream by the pressure
valve; the CWSW sample was soaked in 1.5L of distilled water for
8 h at 25 C, then cooked with the rest of the non absorbed
soaking water as the CWS sample; the COSW sample was prepared
under the same described conditions, but the soaking water was
removed and then the same volume of non absorbed water in the
soaking to perform the cooking was added. For each way of
preparation, 500 g of bean were used in 1.5L of distilled water for
soaking and cooking.
After the cooking the broth was separated from the grain with
the help of a plastic sieve (15 cm of diameter), and then they were
dried, mixed, packaged in sterile bags and stored in the dark to
perform the analysis. The soaking water of the COSW samples was
also packaged in sterilized containers and stored in the frozen
at 18 C to be analyzed later.2.4. Antioxidant activity
The antioxidant activity assay was performed according to the
method proposed by Brand-Willians, Cuvelier, and Berset (1995)
modiﬁed by Sanchez-Moreno, Larrauri, and Saura-Calixto (1998),
which consists in a reduction in the 2,2-diphenyl-1-picrylhydrazyl
radical (DPPH) by an antioxidant or species of antioxidants
resulting in the reduction of absorbance of 515 nm. For the cali-
bration curve an aliquot of 0.1 mL of methanol containing
different concentrations of standard was added to 3.9 mL of DPPH
2.5 mg/L diluted in methanol prepared at the time of analysis. The
samples were prepared in three different dilutions in triplicate. In
a dark environment, 0.1 mL of each dilution was transferred to
tubes with 3.9 mL of the DPPH radical. Methanol was used as
blank sample and the reading was done in a UVeVis spectro-
photometer and monitored until the stabilization does the EC50
calculation. The EC50 indicates the amount in grams of the bean
sample which is necessary to decrease the activity of 1 mg of
DPPH. Thus, as lower the EC50 gets the greater the antioxidant
activity will be. The results are expressed in g of sample by mg of
DPPH (g sample/mg DPPH).2.5. Total phenolics
The total phenolic content was determined according the
FolineCiocalteu method described by Singleton, Joseph, and Rossi
(1965), using gallic acid as a standard. Each 2 g of the sample was
diluted in 50 mL of deionized water, later an aliquot of 1 mL of
dilution was transferred to a tube with the addition of 9 mL of
deionized water and 1 mL of the FolineCiocalteu reagent. The
mixture was agitated, left to rest for 5 min for the subsequent
addiction of 8 mL of the 7 g/100 mL Na2CO3. The tube was agitated
again and it was left incubated for 1 h at room temperature. The
reading was done with a wavelength at 765 nm in a UVeVis
spectrophotometer, being the distilled water used as a blank. The
total phenolic contentwas expressed inmilligrams of gallic acid per
grams of sample (mg GAE/g sample).
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The tannins were determined according to the modiﬁed HCl e
vanillin method, proposed by Price, Van Scoyoc, and Butler (1980),
which uses (þ)-catechin as a standard. The tannin content was
expressed in milligrams of equivalent catechin per gram of sample
(mg CAE/100 g sample).
2.7. Phytate
The phytate was determined according to the procedure
proposed by Latta and Eskin (1980) based on the formation of
a dark blue iron-sulfosalicylic-acid compound due to the Wade
reagent. In the presence of phytate, the iron was removed and the
blue color intensity decreased. The sample was extracted with
10 mL of HCl 2.4 mol/L and it was agitated for 3 h. Afterward, the
extract was centrifuged for 20min at 5000 g. In a tube containing
8 mL of ultrapure water and 3 mL of the resin prepared, 2 mL of
supernatant was added; it was stirred for 1 h and centrifuged again
for 10 min at 10,000  g. The supernatant was discarded, 8 mL of
NaCl 0.07 g/100 g were added to remove impurities, such as inor-
ganic phosphorus and proteins. This solution was discarded and
8 mL of NaCl 0.07 g/100 g were added, it was agitated for 1 h and
centrifuged after for 10 min at 5000  g. Three milliliters of
supernatant with 2 mL of Wade reagent were used for the reading,
centrifuged again for 10 min at 10,000  g.
2.8. Statistical analysis
The data was analyzed according to the completely randomized
experimental design in a factorial arrangement, formed by the
combinations of the three genotypes with the four ways of cooking,
with three repetitions. A linear model of variance analysis was
used. The parameter estimates of the model were based on the
general theory of linear models (Littel, Milliken, Stroup, Wolﬁnger,
& Schabenberger, 2006, Chapter 11; Little, Freund, & Spector, 1991,
Chapter 8) and tested by the F test. The comparisons between theFig. 1. Diagram of saaverages of genotypes in each cooked preparation and between
cooking preparations and in each genotypeweremade by using the
Bonferroni test. Also a study between linear association and
analyzed variables was conducted using the coefﬁcient of Pearson
product-moment (Steel, Torrie, & Dickey, 1997, Chapter 6). The data
was also submitted to multivariate analysis using the technique of
principal components and cluster analysis through the method of
nearest the neighbor based on the Euclidian distance matrix
(Johnson & Wichern, 2002, Chapter 15). For all tests the minimum
level of 5% signiﬁcance was considered.3. Results and discussion
The soaking water of the COSW sample showed the highest
antioxidant potential in the IAPAR-81 genotype with 0.142 g
sample/mg of DPPH, followed by BAF 55 with 0.218 and Uirapuru
with 0.334. For the IAP, BAF 55 and Uirapuru total phenolics had
13.7, 16.2 and 13.8 mg GAE/g sample, respectively. These results
differ greatly from a similar experiment conducted by Xu and
Chang (2008) that found 0.72 mg GAE/g sample with the same
time of soaking. It can be explained by differences of the analyzed
genotypes, because changes in concentrations of phenolic
compounds in the seeds are determined by grain color and the
model of genes in each genotype (Caldas & Blair, 2009). Moreover,
variations in the growing conditions such as climate changes,
sowing methods (Barampama & Simard, 1993), the high tempera-
ture during the grain ﬁlling, the shape of post-harvest processing
(Sartori, 1996), time and storage conditions (Dalla Corte, Moda-
Cirino, Scholz, & Destro, 2003) may inﬂuence the interaction
between nutrients and enhance or hamper its bioavailability
(Caldas & Blair, 2009).
Tannins were found only in BAF 55 with 1.4 mg CAE/100 g
sample, indicating that the high concentration of these compounds
determinate the highest values of total phenolics in this genotype.
In the raw samples (R) the antioxidant activity was higher in the
grains of the carioca commercial group (IAPAR-81), with 0.049 g of
sample/mg of DPPH when compared to the black genotype groupsmple prepares.
Table 1
Comparison between antioxidant activity, total phenolics, tannin and phytate in common bean samples and soaking water.
Variables Genotype Preparation forms
Re CWSe CWSWe COSWe SWe
EC50a IAP 0.049  0.001Bab 0.066  0.000Ca 0.037  0.000Ab 0.039  0.000Ab 0.142  0.003C
UI 0.085  0.002Ab 0.130  0.005Ba 0.035  0.001Ac 0.040  0.001Ac 0.334  0.022A
BAF 0.076  0.011Ab 0.238  0.001Aa 0.040  0.000Ac 0.047  0.000Ac 0.218  0.002B
Total phenolicsb IAP 5.0  0.1Aa 2.4  0.3Ab 2.1  0.1Ab 2.2  0.1Ab 13.7  0.2B
UI 5.0  0.2Aa 2.4  0.1Ab 2.5  0.2Ab 2.2  0.2Ab 13.8  0.0B
BAF 3.5  0.0Ba 2.2  0.0Ab 2.5  0.2Ab 2.0  0.2Ab 16.2  0.2A
Tanninc IAP 1.0  0.3A ND ND ND ND
UI 1.9  0.9A ND ND ND ND
BAF 1.5  0.5A ND ND ND 1.4  0.4A
Phytated IAP 1.32  0.00Aa 12.9Aab 22.7Aab 34.1Ab NA
UI 1.19  0.00Aa 0Aa 37.0Ab 39.5Ab NA
BAF 1.07  0.01Aa 1.9Aa 26.2Aa 10.3Aa NA
A: Means in a column with different letters are signiﬁcantly different (P < 0.05).
a: Means in a line with different letters are signiﬁcantly different (P < 0.05).
Values are expressed as  standard deviation and means of 3 replications.
ND e Not detected.
a EC50 e Expressed in g of sample/mg of DPPH.
b Total phenolics e Expressed in mg of GAE/g of sample.
c Tannin e Expressed in mg of CAE/100 g of sample.
d Phytate e Expressed in % of lost standard phytate, except in the raw samples expressed in % of standard phytate.
e R: raw sample; CWS: sample cooked without soaking; CWSW: sample cooked with soaking water; COSW: sample cooked without soaking water; SW: soaking water.
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a higher antioxidant potential (0.066 g of sample/mg of DPPH)
when the samples were cooked without soaking (CWS), which
demonstrates that genotypes with clear colored grains are related
with a greater capacity to capture free radicals of the genotype. In
the grain samples cooked with and without soaking water samples
(CWSW and COSW) no difference was observed between the
genotypes with dark color, this may be due to a high lixiviation of
compounds during the cooking and this might have been the
reason of higher antioxidant activity for the cooking water making
the samples similar.
When compared to the four preparation methods in the same
genotype, it was found that the samples cooked with and without
soaking water (CWSW and COSW) obtained the best results with
the lowest uptake values of the DPPH radical for the three studied
genotypes, resulting in 0.037, 0.035 and 0.040 g of sample/mg of
DPPH to the CWSW preparation, and 0.039, 0.040 and 0.047 g of
sample/mg of DPPH for the COSW preparation, in the IAPAR,Table 2
Comparison between antioxidant activity, total phenolics, tannin and phytate in broth sa
Variable Genotype Preparation forms
CWSe
EC50a IAP 0.022  0.000Bc
UI 0.035  0.000Bb
BAF 0.059  0.007Aa
Total phenolicsb IAP 4.7  0.0Ca
UI 6.4  0.1Ba
BAF 8.5  0.3Aa
Tanninc IAP 3.1Exp.15  0.0Ba
UI 8.5  0.7Aa
BAF 8.0  0.6Ac
Phytated IAP 1.08  0.11Ba
UI 1.01  0.07Ba
BAF 1.42  0.19Aa
A: Means in a column with different letters are signiﬁcantly different (P < 0.05).
a: Means in a line with different letters are signiﬁcantly different (P < 0.05).
Values are expressed as  standard deviation and means of 3 replications.
a EC50 e Expressed in g of sample/mg of DPPH.
b Total phenolics e Expressed in mg of GAE/g of sample.
c Tannin e Expressed in mg of CAE/100 g of sample.
d Phytate e Expressed in % of standard phytate.
e CWS: sample cooked without soaking; CWSW: sample cooked with soaking water;Uirapuru and BAF 55 genotypes, respectively. It is probable that the
water immersion leverages some reactive species to the capture
free radicals. An experiment realized by Ranilla, Genovese, and
Lajolo (2009) had identiﬁed a higher antioxidant activity
(p < 0.05) in cooked bean samples without removing the soaking
water when compared to cooked samples with drained soaking
water, a difference that was not detected in this study.
In relation with the total phenolic levels (Table 1), differences
were found only in raw grains (R) when comparing the genotypes
among themselves, the IAPAR-81 (5.0 mg of GAE/g of sample) and
Uirapuru (5.0 mg of GAE/g of sample) demonstrated the highest
levels compared to BAF 55 (3.5 mg of GAE/g of sample). This vari-
ation may be attributed to the effect of the genotype, because both
cultivars with the highest contents are commercial cultivars, and
BAF 55 is a landrace genotype which did not pass through an
improvement process (Coelho, Benedito, Figueira, et al., 2007;
Pereira et al., 2009). This ﬁnding does not necessarily indicate
that the darker grains such as Uirapuru and BAF 55 contain highermples of common beans.
CWSWe COSWe
0.064  0.004Aa 0.046  0.002Bb
0.029  0.001Bb 0.080  0.004Aa
0.039  0.002Bb 0.044  0.000Bab
3.6  0.2Bb 2.6  0.1Bc
3.8  0.2Bb 2.0  0.1Bc
8.0  0.3Aa 4.3  0.1Ab
3.5Exp.15  0.0Ba 3.5Exp.15  0.0Ba
0.1  0.0Bb 0.8  0.1Bb
15.3  1.1Aa 10.6  1.1Ab
1.12  0.06Aa 0.94  0.11Aa
0.97  0.06Aa 0.93  0.13Aa
1.12  0.01Aa 1.11  0.04Aa
COSW: sample cooked without soaking water.
Table 3
Correlation coefﬁcients for antioxidant activity, total phenolics and tannin of beans
and broths samples.
Total phenolicsb Tanninc Phytated
Pearson
coefﬁcient
P value Pearson
coefﬁcient
P value Pearson
coefﬁcient
P value
Bean
EC50a 0.068 0.751 0.005 0.983 0.374 0.072
Total
phenolics
0.800 <0.0001* 0.366 0.028*
Tannin 0.316 0.060
Broth
EC50 0.271 0.277 0.140 0.578 0.095 0.707
Total
phenolics
0.753 <0.0001* 0.644 0.0003*
Tannin 0.368 0.059
*P < 0.05P < 0.001 is statistically signiﬁcant (beans: n ¼ 36; broths: n ¼ 27).
a Antioxidant activity.
b Total phenolics.
c Tannin.
d Phytate.
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Castellanos, & Mejía, 1996). Such associations between the color
of the grains and levels of phenolic compounds may suffer varia-
tions as already noted by other authors (Barampama & Simard,
1993).
When comparing the preparation methods within the same
genotype (Table 1) it was found that the raw grains (R) had the
highest content of total phenolics. This result can be explained by
the high solubility of these compounds inwater, as in soakingwater
as in broth after the cooking process. Which agrees with Jiratanan
and Liu (2004) who analyzed peas, the cooking provided a signiﬁ-
cant decrease in the phenolic content in this grain (p < 0.05).
Another study (Ranilla et al., 2009) also corroborates with these
results concluding that different cooking methods do not differ
among themselves (p < 0.05) as to the loss of phenolic compounds,
independently of the used genotype. The high values of the
phenolic compounds obtained between genotypes in different
preparation methods (2.0e5.0) may be explained by the form of
preparation of the samples, because in this case the seed coat was
not separated from its cotyledon, inwhich the whole seed was used
(Ranilla et al., 2009).
Tannins were detected only on raw grain samples (R) due to its
high solubility in water (Stanley, 1992) after the soaking or cookingFig. 2. Dendrogram of the cluster analysis for antioxidant activity, total phenolic, tannin a
forms.process. Even though therewere no signiﬁcant differences between
genotypes, there was a tendency of higher values in genotypes with
black color of the seed (Uirapuru and BAF 55) (Table 1). This facil-
itated loss of phenolic compounds may be associated with higher
antioxidant capacity of dark samples cooked with and without
soaking water.
The genotypes did not differ regarding to the phytate content
(Table 1), specially within each bean preparation methods. But
when the genotype was compared with the four distinct prepara-
tion forms the IAPAR-81 and Uirapuru showed losses of up to 34.1%
and 39.5% of phytate, respectively, in cooked beans without soaking
water (COSW) compared to raw beans (R). The results agree with
Nergiz and Gökgöz (2007), who found phytate reductions up to
58.4% when bean samples were soaked and cooked. Another
research noted a 28% decrease in phytate of the black soaking beans
(Kataria, Chauhan, & Gandhi, 1988), Barampama and Simard (1994)
also detected a decrease of 47.2% of phytate in soaked and cooked
beans compared to raw beans. The decrease of the phytate content
occurs because during the soaking there are changes in the
membrane permeability of the grains increasing the water
absorption, therefore the intrinsic phosphatase is activated causing
hydrolysis and the increase of phytate release to the environment
(Khokhar & Chauhan, 1986). In addition, the leaching of phytate
ions in water occurs due to the higher concentration gradient
which causes the spread of this nutrient into the water, because the
hydrolyzed phytate can release phosphorus, amino acids, proteins
and minerals to the environment may be complexed to these
elements (Costa de Oliveira, Queiroz, Helbig, Reis, & Carraro, 2001).
In Table 2 there are distinct values of the antioxidant potential of
the broth samples when three genotypes are compared with the
same preparationmethods and also when compared with the same
genotype prepared in different ways. It was found that the ability to
capture free radicals in broth samples is associated with the
analyzed bean genotype and the used preparation method.
The total phenolics in the broths (Table 2), the highest values in
all the preparation methods were observed in the BAF 55, which
may be explained by the elevated tannin concentration, specially in
soaking samples. Since the tannin is a phenolic compound (Stanley,
1992), it interfered directly on the total phenolic values. In the
IAPAR-81 bean (carioca group) the tannin was detected as a trace
element (Table 2), its result was expected due to the lighter seed
pigmentation in this genotype (Coelho, Bellato, et al., 2007). Wang,
Hatcher, Tyler, Toews, and Gawalko (2009) veriﬁed the directnd phytate variables for three genotypes of common beans prepared in four different
Fig. 3. Classiﬁcation of the common bean genoptypes (IAP, BAF and UI) according to its prepared forms (R, CWS, CWSW and COSW) and principal factors 1 and 2.
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or dark colors, and the cooking with and without previous soaking
in all tested genotypes, signiﬁcantly reduced tannin contents
(p < 0.001).
When the broths were analyzed, it was found the highest phy-
tate contents in BAF 55, of 1.4% (Table 2) which did not pass by
previous soaking (CWS). This differential response may be due to
the genotype effect, which had greater leaching of phytate from the
bean to the broth and can be related to increased susceptibility of
this genotype to phytate hydrolysis.
Table 3 presents Pearson’s correlation coefﬁcient between the
analyzed variables, where a positive correlation between tannin
and total phenolic concentration in beans (p < 0.0001) was found.
The antioxidant activity in grains was not signiﬁcantly correlated
with total phenolics (p ¼ 0.751). Contradicting these results,
Boateng, Vergheses, Walker, and Ogutu (2008) found a positive
correlation between the antioxidant activity and the total phenolic
content (p < 0.05) analyzing three different genotypes of raw and
cooked beans, which may be explained by the use of beans and
broths together to perform the analysis increasing the concentra-
tion of these compounds in the samples, because there were not
losses of nutrients to the grains or to the broths. In another analysis
(Espinosa-Alonso et al., 2006) it was also veriﬁed the increase ofFig. 4. Dendrogram of cluster analysis for antioxidant activity, total phenolic, tannin and ph
forms.a positively correlated antioxidant activity (p < 0.05) with the
increase of phenolic compounds in fruits and vegetables.
Another positive correlation found in the beans (Table 3) was
between total phenolic levels and phytate (p ¼ 0.028), indicating
that as the phenolic concentration gets higher, the phytate content
elevates as well. In another study (Oomah, Blanchard, &
Balasubramanian, 2008) a negative correlation between phenolic
content and phytate was identiﬁed. This discrepancy is due to the
difference in the usedmethods to analyze phenolic compounds and
to use of raw beans in this reference because raw grains have
concentrated nutrients and there are no losses, which occurs
during the cooking. The methodology for the analysis of the
phenolic compounds should be applied according to the phenolics
present in the food, since there is a great variability in these
compounds. Furthermore, the cooking process decreases the
concentration of phenolics and phytate in the bean because
a diffusion of them occurs in the cooking water.
In the broths (Table 3) positive correlations between total
phenolic content and tannin (p < 0.0001) were veriﬁed, since the
tannin is a type of phenolic compound. It was also found a positive
correlation between phenolic content and phytate in the broths
(p ¼ 0.0003), similar to what had already been detected in the
beans.ytate variables for three genotypes of broth common beans prepared in three different
Fig. 5. Classiﬁcation of broth common beans genotypes (IAP, BAF and UI) according to its prepared forms (CWS, CWSW and COSW) and principal factors 1 and 2.
S.T. Valdés et al. / LWT - Food Science and Technology 44 (2011) 2104e21112110The dendrogram (Fig. 2) shows the similarity between the
combinations of beans of the three analyzed genotypes with four
preparation forms used and based on measurements of antioxidant
activity, total phenolics, tannins and phytate. It was observed the
formation of three groups. The ﬁrst group was composed of all
cooked samples, independent if it passed or not by a previous
soaking process (UI-CWSW, BAF-CWSW, UI-COSW, IAP-COSW, BAF-
COSW, IAP-CWSW, BAF-CWS, UI-CWS and IAP-CWS), possibly
because after the heating process, the tannin content was markedly
reduced, not being detected in cooked beans on three analyzed
genotypes. The second group had samples of beans cooked without
soaking, where marked differences between commercial and
landrace cultivars were observed. In this last, the landrace genotype
was greatly differed from Uirapuru and IAPAR-81, which formed
the third separately determinated group by the low antioxidant
activity of the BAF 55.
From the principal component analysis, it is checked (Fig. 3) that
the two ﬁrst components represents 85.3% of the total variance.
This fact reveals a difference between raw beans (IAP-R, BAF-R and
UI-R) and cooked beans with soaking (IAP-CWSW, BAF-CWSW, UI-
CWSW, IAP-COSW, BAF-COSW and UI-COSW) compared to the
cooked beans before the soaking (IAP-CWS, BAF-CWS and UI-CWS).
The phenolic content (0.917), tannin (0.911) and phytate vari-
ables (0.675) showed negative correlation and were the ones
which most affected the ﬁrst component, while the antioxidant
activity variable (0.899) with a positive correlationwas the one that
exerted most inﬂuence on the second component. This distinction
is not easily observed in the dendrogram, which emphasizes the
use of the result presentations as a complement to the previously
presented results.
It was evident that the separation of three distinct groups
according to the sample preparation method (Fig. 3). From these,
the raw samples (UI-R, BAF-R and IAP-R) were located in the lower
left side due to tannin and phenolic contents; the cooked samples
with and without soaking (UI-CWSW, UI-COSW, BAF-CWSW, BAF-
COSW, IAP-CWSW and IAP-COSW) were concentrated in the
lower right side by decreased values of antioxidant activity and
phytate level; and located on the upper middle side the cooked
samples without soaking (UI-CWS, BAF-CWS and IAP-CWS) formed
a third cluster due to their antioxidant activity.In Fig. 4 the dendrogram resulted from the cluster analysis of
three genotypes broths is shown with three forms of preparation.
There is a formation of three groups with highest degree of simi-
larity. The ﬁrst group is formed by the BAF-CWSW, BAF-COSW, UI-
CWS and BAF-CWS broth samples is due to high total phenolic and
tannin levels. The second group consisting of UI-COSW, IAP-CWSW,
UI-CWSW, IAP-CWSWand IAP-CWS has low levels of total phenolic
and tannin compounds. Finally, the third group with broth samples
of BAF-CWSW, UI-CWS, BAF-CWS, UI-CWSW and IAP-CWSW, were
determinated due to similarities in the phytate content.
The contribution of the ﬁrst two principal components (Fig. 5)
represented 85.1% of the total variance, with 58.4% and 26.8% in the
ﬁrst and second component, respectively. Each genotype showed
a distinct behavior, and for the BAF genotype the CWSWand COSW
broths were closer, for the UI genotype, the CWS and CWSW broths
demonstrated higher similarities, and to IAP genotype the CWS and
COSW broths were less discrepant. The variables that had a greater
relationship with the ﬁrst component were the phenolic
compounds (0.972), tannin (0.834) and phytate (0.808) while
the antioxidant activity variable (0.955) had the highest correla-
tion with the second component.
4. Conclusions
In general, cooking with previous soaking showed the highest
potential to reduce free radicals in the three analyzed genotypes. It
was also detected a negative relation between cooking and losses of
total phenolics, tannin and phytate, demonstrating the importance
of consumption and use of cooked broth. Among the cooked beans
the preparation that preserved more efﬁciently their characteristic
and their nutrients were the beans cooked without soaking (CWS),
except to antioxidant activity variable.
In the broths, BAF 55 showed the highest tannin and phenolic
compound levels in all preparation forms. For other variables, each
broth and genotype reacted differently to cooking. Therefore, more
studies with beans and broths may be performed to explain what
occurs in the preparation of this food. It is important to remember
that the raw food analysis is necessary to know its nutritional value,
but beans are supposed to be cooked in order to be consumed and
there are interferences such as preparation forms, genotype, broth
S.T. Valdés et al. / LWT - Food Science and Technology 44 (2011) 2104e2111 2111and soaking water using that can modify signiﬁcantly the food
characteristics as well its nutrients availability for absorption.
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